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FOREWORD 


This  study  was  undertaken  in  response  to  a  request  by  the  Selected  Systems 
Effectiveness  Program  (SSEP)  of  the  Joint  Technical  Coordinating  Group 
for  Munitions  Effectiveness.  The  paper  depicts  the  general  characteristics 
of  wind  variability  subject  to  space,  time,  averaging  time  of  the  data, 
height  of  measurement,  wind  speed,  temperature  difference,  and  orientation 
of  sensor  line  relative  to  the  mean  wind  direction.  The  study  cannot  be 
ali-inclusive  since  data  utilized  were  collected  at  White  Sands  Missile 
Range  and  cannot  depict  all  types  of  terrain.  Moreover,  the  data  generally 
cover  wind  regimes  under  10  meters  per  second  and  temperature  differences 
over  a  small  range,  i.e.,  -1.34  to  a  +2. 21  degrees  Celsius. 
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Preceding  pagiQilank 


INTRODUCTION 


Wind  variability  plays  a  major  role  in  predicting  the  impact  point  of 
an  unguided  rocket  and  in  the  prediction  of  diffusion  of  toxic  contam¬ 
inants.  In  the  past,  studies  on  wind  variability  have  been  directed, 
for  the  most  part,  toward  determining  an  optimum  "simple  sampling"  of 
the  wind  (see  for  example,  Beer  and  Sarrubbi  [1],  Hertz  and  Beer  [2], 
Rachele  [3],  Ksrna  et  al.  [A],  and  Rachele  and  Armendariz  [*>]).  The 
term  "simple  sampling"  is  defined  as  Che  determination  of  an  averaged 
wind  obtained  over  a  certain  time  interval.  This  averaged  wind,  meas¬ 
ured  at  a  given  point  and  for  a  given  time,  serves  as  a  predictor  for 
another  wind  measurement  made  at  a  position  which  is  removed  horizon¬ 
tally  and  the  measurement  made  at  the  same  time  or  sometime  later. 

The  purpose  of  this  report  is  to  present  the  variability  of  the  wind 
speed  and  direction  at  heights  of  1.5  and  4.0  meters  as  a  function  of 
horizontal  distance  separation  between  sensors,  time,  averaging  time 
of  the  data,  mean  wind  speed  (taken  from  the  predictor  station),  lag 
time,  thermal  stability,  and  orientation  of  sensor  line  relative  to 
the  mean  wind.  The  idea  is  to  make  a  measurement  at  seme  position  A 
and  compare  this  measurement  to  one  made  at  some  position  B.  Position 
B  is  horizontally  removed  between  25  and  300  meters  from  A  and  measure¬ 
ments  are  made  either  simultaneously  with  A  or  with  a  time  lag.  Vari¬ 
ability  is  defined  as  the  standard  deviations  of  the  absolute  differences 
between  the  measurements  of  the  wind  taken  at  two  separate  positions. 

Mean  absolute  differences  of  horizontal  wind  speed  and  direction  aL 
heights  of  1.5  and  4.0  meters  above  ground  and  mean  temperature  differ¬ 
ence  between  0.5  and  4.0  meter  heights  were  computed  from  more  than  150 
hours  of  data  collected  at  selected  times  during  January  and  March  1970 
from  the  T-Array  at  White  Sands  Missile  Range.  Averagirg  time  and  lag 
time  were  varied,  and  data  were  classified  into  downwind  and  crosswind 
with  respect  to  the  mean  wind  direction.  The  T-Array  consists  of  fast- 
response  wind  and  temperature  sensors  placed  at  heights  of  0.5,  1.5  and 
4.0  meters  and  separated  horizontally  25  to  300  meters  along  two  per¬ 
pendicular  lines  in  the  configuration  of  a  T.  Additional  details  con¬ 
cerning  the  T-Array  may  be  found  by  referring  to  Armendariz  et  al.  [6]. 

DISCUSSION  OF  RESULTS 

Horizontal  distance  separation  of  the  sensors  varies  from  25  to  300  met¬ 
ers.  Figures  1  through  4  illustrate  the  effect  of  mean  wind  speed  changes 
upon  the  mean  speed  and  direction  differences  at  heights  of  1.5  and  4.0 
meters  at  a  near-midpoint  horizontal  difference  separation.  In  Figures 
1  and  2,  the  sensor  height  is  1.5  meters,  horizontal  distance  separation 


1 


Sara 


1G.I.  MEAN  WIND  SPEED  AND  DIRECTION  DIFFERENCE  AT  A  HEIGHT  OF  1.5  METERS  AND  A 
DISTANCE  SEPARATION  OF  150  METERS  VERSUS  MEAN  HORIZONTAL  WIND  SPEED05 
SECOND  AVERAGES  AND  ZERO  LAG  TIME.) 


150  meters,  and  15-second  averages  ara  used  at  zero  lag  time.  The 
number  of  samples  available  for  each  interval  of  mean  wind  speed  is 
shown  on  the  right  side  of  the  graphs,  and  it  can  be  noted  that  this 
number  drops  off  quite  rapidly  at  wind  speeds  greater  than  6  tnps.  In 
Figure  1,  the  sensors  were  on  a  line  approximately  normal,  whereas  in 
Figure  2  the  sensor  line  was  approximately  parallel  to  the  mean  wind 
direction.  In  each  figure  the  direction  difference  decreased  rapidly 
from  about  55  degrees  to  about  10  degrees,  with  a  mean  wind  speed  in¬ 
crease  from  near  zero  to  3-4  mps,  then  decreases  less  rapidly  with 
further  mean  wind  speed  increases. 


In  contrast,  there  is  a  gradual  increase  in  speed  difference  with  a 
mean  wind  speed  increase  from  near  zero  to  3—4  mps,  then  a  more  rapid 
increase  in  speed  difference  with  further  mean  wind  speed  increase. 

There  does  not  appear  to  be  a  significant  difference  due  to  the  differ¬ 
ence  in  alignment  of  the  sensors,  parallel  or  normal  to  the  mean  wind 
direction,  in  this  situation.  The  variation  of  wind  speed  and  direc¬ 
tion  difference  is  very  much  the  same  in  Figuiex  3  and  4  in  which  the 
height  of  the  sensors  was  4.0  meters,  horizontal  Histanre  «eparation 
between  wind  measurements  was  175  meters  ,  and  a  1-minute  average  wind 
was  used  with  a  zero  lag  time.  Direction  difference  decreases  rapidly  from 
about  40  degrees  a*-  near  zero  to  about  8  degrees  at  5  mps  mean  wind 
speed,  the  decrease  becoming  more  gradual  with  further  increase  in 
wind  speed.  The  mean  speed  difference  increases  with  increase  in  mean 
wind  speed  from  about  0.4  mps  at  1-2  mps  mean  wind  to  approximately 
1.0  mps  at  9-10  mps. 


The  effect  of  horizontal  distance  separation  from  25  to  300  meters  on 
the  mean  wind  speed  difference  at  various  mean  wind  speeds  in  both 
downwind  and  cross  wind  situations  is  presented  in  Figures  5  and  6. 

Wind  speed  differences  are  greater  in  the  crosswind  than  in  the  downwind 
case,  particularly  with  mean  wind  speed  greater  than  6-7  mps.  Figures 
7  and  8  present  the  effect  of  distance  separation  on  the  mean  wind 
direction  difference  at  various  mean  wind  speeds.  Direction  differences 
are  a  little  greater  in  the  crosswind  case,  particularly  at  mean  wind 
speeds  less  than  6-7  mps;  an  increase  of  distance  separation  from  25  to 
300  meters  does  not  increase  the  wind  direction  difference  significantly 
except  for  winds  at  3  mps  or  less. 

Figures  9  and  10  show  the  effects  of  averaging  time  from  15  to  600  sec¬ 
onds  on  wind  speed  and  direction  differences  at  various  mean  wind  speeds 
at  a  height  of  4  meters,  horizontal  distance  separation  of  25  meters,  and 
zero  lag  time.  The  greatest  wind  speed  differences  in  Figure  9  occur  with 
strong  mean  wind  speeds  and  short  averaging  time.  A  change  in  averaging 
time  does  not  affect  the  speed  differences  significantly  at  mean  wind 
speeds  less  than  about  5-6  mps.  It  Is  significant  that  when  the  mean  wind 
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WIND  SPEED  AT  A  HEIGHT  OF  4  METERS  AND  DISTANCE  SEPARATION  OF 
25  METERS,  AND  ZERO  LAG  TIME. 


speed  is  3  to  4  mps  there  is  very  little,  if  any,  change  in  wind  speed 
difference  with  a  change  in  averaging  time  from  15  to  600  seconds. 

Mean  wind  speeds  of  this  magnitude  occur  predominantly  during  neutral 
stability  conditions.  Figure  10  shows  that  the  greatest  wind  direc¬ 
tion  differences  occur  with  light  mean  winds  and  short  averaging  time. 

A  change  in  averaging  time  has  the  greatest  eftect  on  wind  direction 
differences  under  light  wind  conditions. 

Figures  11  and  12  present  wind  speed  and  direction  differences  versus  lag 
time  from  0  to  7200  seconds  at  various  mean  wind  speeds.  An  increase  in 
lag  time  causes  an  increase  in  wind  speed  and  direction  differences  at 
all  mean  wind  speeds  up  to  a  lag  of  3600  seconds.  Wind  direction  and 
speed  difference  variation  in  Figures  11  and  12  is  quite  similar  to  the 
variation  as  a  function  of  lag  time  found  hy  Armendariz  and  Lang  [7], 
except  that  the  differences  in  direction  and  speed  are  somewhat  less. 

This  is  probably  due  to  the  smaller  horizontal  distance  separation  (75 
meters)  used  here  than  the  separation  (275  meters)  used  by  Armendariz 
and  Lang  [7 ] . 

Figure  13  presents  mean  wind  speed  and  direction  differences  at  a  height 
of  1.5  meters  and  a  horizontal  distance  separation  of  150  meters  versus 
the  mean  temperature  difference  between  heights  of  4.0  and  0.5  meters. 

An  absolute  difference  in  temperature  was  obtained  by  subtracting  the 
magnitude  of  the  temperature  at  the  0.5  meter  level  from  the  magnitude 
of  the  temperature  at  the  4.0  meter  level.  Therefore  a  negative  value 
Indicates  a  lapse  condition  and  a  positive  value  an  inversion.  The 
wind  speed  difference  is  greatest  under  steey  lapse  conditions,  decreasing 
to  the  least  difference  during  a  strong  inversion.  This  is  most  likely  to 
be  due  to  the  fact  that  generally  strong  winds  occur  under  neutral  and 
steep  lapse  conditions  and  light  winds  during  a  strong  inversion.  Mean 
wind  direction  differences  are  about  25  degrees  under  unstable  conditions 
decreasing  to  near  10  degrees  under  neutral  conditions,  and  increasing  to 
30-35  degrees  under  stable  conditions.  This  is  expected  since  wind  direc¬ 
tion  is  most  steady,  or  varies  least,  during  strong  winds  which  occur  dur¬ 
ing  near-neutral  conditions,  whereas  the  direction  varies  greatest  under 
unstable  conditions  and  under  light  winds  which  are  common  during  very 
stable  conditions. 

The  T-Array  data  were  recorded  on  magnetic  tape  in  wind  components.  The 
horizontal  wind  was  computed  in  longitudinal  (u)  and  lateral  (v)  compon¬ 
ents,  where  the  longitudinal  (u)  component  was  parallel  and  the  lateral 
(v)  component  was  perpendicular  to  the  mean  wind  direction.  Mean  values 
of  the  longitudinal  and  lateral  wind  differences  Au  and  "Sv  and  their 
standard  deviations  oTuT  and  o7r7  were  computed,  plotted  versus  horizontal 
distance  separation,  averaging  time,  lag  time,  and  thermal  stability,  and 
classified  as  to  downwind  or  crosswind  directions. 
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FI 3. 1 2  MEAN  W  ND  DIRECTION  DIFFERENCES  VERSUS  LAG  TIME  FROM  0  TO  7200  SECONDS 
AT  A  HEIGHT  OF  4  METERS  AND  A  HORIZONTAL  DISTANCE  SEPARATION  OF  75  METERS  AT 
VARIOUS  MEAN  WND  SPEEDS  8  30  SECOND  AVERAGE. 


150  METERS  AND  A  HEIGHT  OF  1.5  METERS  VERSUS  MEAN  TEMPERATURE  DIFFERENCE 
BETWEEN  4.0  AN  DO.  5  METER  HEIGHTS  USING  ONE  MINUTE  AVERAGES  AND  ZERO  LAG  TIME. 


Figure  14  presents  mean  longitudinal  and  lateral  wind  component  differences 
and  their  standard  deviations  as  a  function  of  horizontal  distance  sepa¬ 
ration  for  a  height  of  4.0  meters.  There  io  a  significant  increase  in 
"Su  and  T7  as  distance  separation  increases  from  25  to  100  meters,  then 
very  little  change  from  100  to  300  meters.  Standard  deviations  of  Au  and 
Av  vary  in  about  the  same  manner.  Generally  longitudinal  wind  component 
differences  vary  similarly  to  mean  wind  speed  differences,  and  lateral 
wind  component  differences  vary  similarly  to  wind  direction  differences 
as  shown  in  Figures  5-8. 


SUMMARY 

At  heights  of  1.5  and  4.0  meters  with  a  mean  wind  speed  of  4  mps  or  less 
and  distance  separation  of  150  to  175  meters,  wind  speed  differences  are 
less  than  0.8  mps  but  wind  direction  differences  are  quite  large  (30  to 
50  degrees).  Conversely,  with  increasing  mean  winds  (5  mps  or  greater), 
wind  speed  differences  increase  from  1  to  2,5  mps,  and  direction  differ¬ 
ences  decrease  to  less  than  10  degrees.  There  is  no  significant  difference 
between  crosswind  and  downwind  situations  in  this  comparison.  There  does 
not  appear  to  be  a  significant  change  in  speed  and  direction  differences 
with  an  increase  in  distance  separation  from  25  to  300  meters  unless  the 
mean  wind  speed  is  less  than  about  4  mps. 

A  change  in  averaging  time  of  the  wind  data  from  15  to  600  seconds  appar¬ 
ently  does  not  significantly  change  wind  speed  differences  unless  the  mean 
wind  speed  is  5  mps  or  greater.  With  strong  mean  winds,  10  mps  or  greater, 
an  increase  in  averaging  time  causes  a  marked  decrease  in  speed  differences. 
Conversely,  wind  direction  differences  are  greatest  with  light  mean  winds 
and  short  averaging  time  (30  seconds  or  less). 

An  increase  in  lag  time  will  increase  wind  speed  differences,  the  most  sig¬ 
nificant  increase  occurring  when  the  mean  wind  speed  is  greater  than  5  mps. 
This  is  also  generally  true  for  wind  direction  differences. 

The  temperature  difference  (AT)  between  heights  of  4.0  and  0.5  meters  is 
an  indication  of  thermal  stability  of  that  particular  layer.  Wind  speed 
differences  are  greatest  under  steep  lapse  rate  conditions;  since  strong 
gusty  winds  are  common  at  WSMR  during  this  type  of  temperature  regime, 
large  speed  differences  are  expected.  Wind  direction  differences  are  least 
under  near-isothermal  (or  neutral  stability)  conditions,  and  greatest  dur¬ 
ing  inversion  when  winds  arc  light. 
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STANDARD  DEVIATION  AT  A  HEIGHT  OF  4.0  METERS  VERSUS  HORIZONTAL  DISTANCE 
SEPARATION. 


LITERATURE  CITED 


Beer,  F.  P.,  and  Robert  G .  Sarrubhi ,  1962,  "The  he  termination  of  the 
Atmospheric  Parameters  Influencing  the  Trajectory  of  Free  Rockets," 
Institute  of  Research,  Lehigh  University,  Bethlehem,  Pa.,  16  pp. 

Hertz,  John  A.,  and  F.  P.  Beer,  1965,  "A  Simplified  Approach  to  the 
Extrapolation  of  Nous  La llonai y  Random  Processes,"  Lehigh  University. 
Bethlehem,  Pa.,  28  pp. 

Rachele,  Henry,  1962,  "Surface  Wind  Sampling  Periods  for  Unguided 
Rocket  impact  Prediction,"  MM-458,  US  Army  Electronics  Research  and 
Development  Activity,  White  Sands  Missile  Range,  New  Mexico,  30  pp. 

Kama,  Chetan  L.,  J.  A.  Hertz,  and  F.  P.  Beer,  1966,  "Extrapolation 
in  Time  of  the  Response  of  Free  Rockets  to  Random  Stationary  Wind 
Velocity  Profiles,"  Institute  of  Research,  Lehigh  University,  Bethlehem, 
Pa. ,  19  pp. 

Rachele,  Henry,  and  Manual  Armendariz,  1967,  "Surface  Wind  Sampling 
for  Unguided  Rocket  Impact  Prediction,"  J.  Appl.  Meteor.,  6_,  516-518. 

A.rmendariz,  M. ,  L.  J.  Kider,  s .  tampoeii,  U.  L.  Favicr,  and  Juana 
Serna,  1971,  "Turl-uieuce  Measurements  from  a  T- Array  of  Meteorological 
Sensors,"  ECOM-5362,  Atmospheric  Sciences  Laboratory,  US  Army  Electron- 
irs  Command ,  vm  1  l ¥  Sdnds  Rang" ,  Ivew  Mexico,  869  pp. 

Armendariz,  M.  ,  and  Virgil  D.  Lang,  1968,  "Wind  Correlation  and  Vari¬ 
ability  in  Time  and  Space,"  EC0M-5201,  Atmospheric  Sciences  Laboratory, 
US  Army  Electronics  Command.  White  Sands  Missile  Range,  New  Mexico, 

26  pp. 


ATMOSPHERIC  SCIENCES  RESEARCH  PAPERS 


1.  Miers,  B.  T.,  and  J.  E.  Morris,  Mesospheric  Winds  Over  Ascension  Island  in  Jan¬ 

uary,  July  1970,  ECOM-5312,  AD  711851. 

2.  Webb,  W.  L.,  Electrical  Structure  of  the  D-  and  E-Region,  July  1970,  ECOM-5313, 

AD  714335, 

3.  Campbell.  G.  S..  F.  V.  Han3en  and  R.  A.  Dise,  Turbulence  Data  Derived  from  Meas¬ 

urements  on  the  32 -Meter  Tower  Facility,  White  Sands  Missile  Range, 
New  Mexico,  July  1970,  ECOM-5314,  AD  711852. 

4.  Pries,  T.  H.,  Strong  Surface  Wind  Gusts  at  Holloman  AFB  (March-May),  July  1970, 

ECOM-5315,  AD  711853. 

5.  D'Arcv.  E.  M..  and  B.  F.  Engebos.  Wind  Effects  on  Unguided  Rockets  Fired  Near 

Maximum  Range,  July  1970,  ECOM-531 7,  AD  711854. 

6.  Matonis,  K..  Evaluation  of  Tower  Antenna  Pedestal  for  Weather  Radar  Set  AN/TPS- 

41,  July  1970,  ECOM-33 17,  AD  711520. 

7.  Monahan,  H.  H.,  and  M.  Armendariz,  Gust  Factor  Variations  with  Height  and  At¬ 

mospheric  Stability,  August  1970,  ECOM-5320,  AD  711855. 

8-  Stenmark,  E.  B..  and  L.  D.  Drury,  Mierometeorological  Field  Data  from  Davis,  Cali¬ 
fornia;  1966-67  Runs  Under  Non-Advection  Conditions,  August  1970, 
ECOM-6051,  AD  726390. 

9.  Stenmark,  E.  B.,  and  L.  D.  Drury,  Mierometeorological  Field  Data  from  Davis,  Cali¬ 
fornia;  1966-67  Runs  Under  Advection  Conditions,  August  1970,  ECOM- 

6052,  AD  724612, 

10.  Stenmark.  E.  B..  and  L.  D.  Drury.  Mierometeorological  Field  Data  from  Davis.  Cali¬ 
fornia;  1967  Cooperative  Fieid  Experiment  Runs,  August  1970,  ECOM- 

6053,  AD  724613. 

1  1 .  rtjHpf  Tj  ,T  (  nnd  7vT  Armpp/ifiri?  Mnchimi»i  ivifiYjmtim  Winiiw  in  Plppprnrv 

'  'dary  liver  at WSMR^  AD  712325*  ' 

12.  Hansen,  F.  V.,  A  Technique  for  Determining  Vertical  Gradients  of  Wind  and  Temp¬ 

erature  for  the  Surface  Boundary  Layer,  August  1970,  ECOM-5324,  AD 
714366. 

13.  Hansen,  F.  V.,  An  Examination  of  the  Exponential  Power  Law  in  the  Surface  Boun¬ 

dary  Layer,  September  1970.  ECOM-5326,  AD  715349. 

14.  Miller,  W.  B.,  A.  J.  Blanco  and  L.  E.  Traylor,  Impact  Deflection  Estimator  from 

Single  Wind  Measurements,  September  1970,  ECOM-5328,  AD  716993. 

15.  Duncan,  L.  D.,  and  R.  K.  Walters,  Editing  Radiosonde  Angular  Data,  September 

1970,  ECOM-5330,  AD  715351. 

16.  Duncan,  L.  D.,  and  W.  J.  Vechionc,  Vacuum  Tube  Launchers  and  Boosters,  Septem¬ 

ber  1970,  ECOM-5331,  AD  715350. 

17.  Stenmark,  E.  B.,  A  Computer  Method  for  Retrieving  Information  on  Articles,  Re¬ 

ports  and  Presentations,  September  1970,  ECOM-6050,  AD  724611. 

18.  Hudlow,  M.,  Weather  Radar  Investigation  on  the  BOMEX,  September  1970,  ECOM- 

3329,  AD  714191. 

19.  Combs,  A.,  Analysis  of  Low-Level  Winds  Over  Vietnam,  September  1970,  ECOM- 

3346,  AD  876935. 

20.  Rinehart,  G.  S.,  Humidity  Generating  Apparatus  and  Microscope  Chamber  for  Use 

with  Flowing  Gas  Atmospheres,  October  1970,  ECOM-5332,  AD  716994. 

21.  Miers,  B.  T.,  R.  O.  Olsen,  and  E.  P.  Avara,  Short  Time  Period  Atmospheric  Density 

Variations  and  a  Determination  of  Density  Errors  from  Selected  Rocket- 
sonde  Sensors,  October  1970,  ECOM-5335. 

22.  Rinehart,  G.  S.,  Sulfates  and  Other  Water  Solubles  Larger  than  0.1 5/i  Radius  in  a 

Continental  Nonurban  Atmosphere,  October  1970,  ECOM-5336,  AD 
716999. 

23.  Lindberg,  J.  D.,  The  Uncertainty  Principle:  A  Limitation  on  Meteor  Trail  Radar 

Wind  Measurements,  October  1970,  ECOM-5337,  AD  716996. 

24.  Randhawa,  J.  S.,  Technical  Data  Package  lor  Kockel-liome  U/.one-Teiiiperalure 

Sensor,  October  1970,  ECOM-5338,  AD  716997. 


25. 

26. 


27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 
36. 


40. 


41. 

42. 


43. 


44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 


Devine,  J.  C.,  The  Fort  Huachuca  Climate  Calendar,  October  1970,  ECOM-6054. 
Allen,  J.  T.,  Meteorological  Support  to  US  Army  RDT&E  Activities,  Fiscal  Year  1970 
Annual  Report,  November  1970,  ECOM  6055. 

Shinn,  J.  H.,  An  Introduction  to  the  Hyperbolic  Diffusion  Equation,  November  1970, 
ECOM-5341,  AD  718616 


Avars,  E.  P.,  and  M.  Kays..  Some  Aspects  of  the  Harmonic  Analysis  of  Irregularly 
Spaced  Data,  November  1970,  ECOM-5344,  AD  720198. 

Fabrici,  J.,  Inv.  of  Isotopic  Emitter  for  Nuclear  Barometer,  November  1970,  ECOM- 
3349,  AD  876461. 


T  Attina  T  P  QumrOAf  Wm  rl  Qfur)ti  tn  tKo  P ontiKI jn  a f 

’  »*•)  i/i*unnvi  •••Vwwhi«-U4b  ••  mw  itt  M1V  A  VS*  >  IV liiUiU,  AsvVVltl 

ber  1970,  ECOM-3375,  AD  721585. 

Petriw,  A.,  Directional  Ion  Anemometer,  December  1970,  ECOM-3379,  AD  720573. 
Randhawa,  J.  S.,  B.  H.  Williams,  and  M.  D.  Kays,  Meteorological  Influence  of  a 
Solar  Ecliose  on  the  St  ra  t.nsnhere.  Decern  her  1970  ECOM-.S345  AD 
720199. 


Nordquist,  Walter  S.,  Jr.,  and  N.  L.  Johnson,  One-I)irrensional  Quasi-Time-Depend¬ 
ent  Numerical  Model  ot  Cumulus  Cloud  Activity,  December  1970, 
ECOM-5350,  AD  722216. 

Avara,  E.  P.,  The  Analysis  of  Variance  of  Time  Series  Data  Part  I:  One-Way  Lay¬ 
out,  January  1971,  ECOM-5352,  AD  721594. 

Avara,  E.  P,,  The  Analysis  of  Variance  of  Time  Series  Data  Part  II:  Two-Way 
Layout,  January  1971,  ECOM-5353. 

Avara,  E.  P.,  and  M.  Kays.,  The  Effect  of  Interpolation  of  Data  Upon  the  Harmonic 
Coefficients,  January  1971,  ECOM-5354,  AD  721593. 

Randhawa,  J.  S.  Stratopause  Diurnal  Ozone  Variation,  January  1971,  ECOM-5355, 
AD  721302. 


Low,  R.  D.  H..  A  Comorehensive  Renorr.on  Nineteen  Condensation  Nuclei  (Part  ID 
January  1971,  ECOM-5358. 

Armcr.danz,  M.,  L.  J.  ICuer,  U.  Campbell.  D.  I-aviei  and  J.  Serna,  Turbulence  Meas¬ 
urements  from  a  T-Arrav  of  Sensors.  February  1971,  ECOM-5362,  AD 
726390. 


Maynard,  H.,  A  Radix-2  Fourier  Transform  Program,  February  1971,  ECOM-5363, 
AD  726389. 


Devine,  J.C.,  Snowfalls  at  P'r.rt  Huachuca,  Arizona,  February  1971,  ECOM-6056. 

ucvinc,  J.  C.,  The  Fort  Unachiica,  10  Year  Base  Ciiiiiate  Calendar  (1956- 

1970),  February  1971,  ECOM-6057. 

Levine,  J.  R.,  Reduced  Ceilings  and  Visibilities  in  Korea  and  Southeast  Asia,  March 
1971,  ECOM-3403,  AD  722735. 

Gerber,  H.,  et  al.,  Some  Size  Distribution  Measurements  of  Agl  Nuclei  with  an  Aer¬ 
osol  Spectrometer,  March  1971,  ECOM-3414,  AD  729331. 

Engebos,  B.  F.,  and  L.  J.  Rider,  Vertical  Wind  Effects  on  the  2.75-inch  Rocket, 
March  1971,  ECOM-5365,  AD  726321. 

Rinehart,  G.  S.,  Evidence  for  Sulfate  ns  a  Major  Condensation  Nucleus  Constituent 
in  Nonurban  Fog,  March  1971,  ECOM-5366. 

Kennedy,  B.  W.,  E.  P.  Avara,  and  B.  T.  Miers,  Data  Reduction  Program  for  Rock- 
cLsuude  Temperatures.  March  I97i.  ECOM-5367. 

Hatch,  W.  H.,  A  Study  of  Cloud  Dynamics  Utilizing  Stereoscopic  Photogrammetry, 
March  1971,  ECOM-5368. 

Williamson,  L.  E.,  Project  Gun  Probe  Captive  Impact  Test  Range,  March  1971, 
ECOM- 5369. 


Henley,  D.  C.,  and  G.  B.  Hoidale,  Attenuation  and  Dispersion  of  Acoustic  Energy 
by  Atmospheric  Dust,  March  1971,  KCOM-5370,  AD  728103. 

Cionco,  R.  M.,  Application  of  the  Ideal  Canopy  Flow  Concept  to  Natural  and  Ar¬ 
tificial  Roughness  Elements,  April  1971,  ECOM-5372,  AD  730638. 
Randhawa,  J.  5.,  The  Vertical  Distribution  ot  Ozone  Near  the  Equator,  April  1971, 
ECOM-5373. 


Ethridge.  G.  A..  A  Method  for  Evaluating  Model  Parameters  by  Numerical  Inver¬ 
sion,  April  1971,  ECOM-5374. 


54. 

55. 

56. 

57. 


58. 


59. 


60. 

61. 

62. 


63. 


04. 


65. 

66. 
67. 

ttX. 

69. 

70. 

71. 

72. 


73. 


74. 


75. 


76. 


77. 


78. 

79. 


Collett,  E.,  Stokes  Parameters  for  Quantum  Systems,  April  1971,  ECOM-3415,  AD 
729347.  ' 

Shinn,  J.H.,  Steady-State  Two-Dimensional  Air  Flow  in  Forests  and  the  Disturb¬ 
ance  of  Surface  Buyer  Flow  by  a  Forest  Wall,  May  1971,  ECOM-5383, 
AD  730681. 

Miller,  W.  B.,  On  Approximation  of  Mean  and  Variance-Covariance  Matrices  of  Trans¬ 
formations  of  Joint  Random  Variables,  May  1971,  ECOM-5384,  AD 
730302. 

Duncan,  L.  D.,  A  Statistical  Model  for  Estimation  of  Variability  Variances  from 
Noisy  Data,  May  1971,  ECOM-5385. 

Pries,  T.  H.,  and  G.  S.  Campbell,  Spectral  Analyses  of  High  Frequency  Atmospheric 
Temperature  Fluctuations,  May  1971,  ECOM-5387. 

Miller,  W.  B.,  A.  J.  Blanco,  and  L.  E.  Traylor,  A  I-east-Squares  We  chted-Layer  Tech¬ 
nique  for  Prediction  of  Upper  Wind  Effects  on  UnguiuL  ’  Rockets,  June 
1971,  ECOM-5388,  AD  729792. 

Rubio,  R.,  J.  Smith  and  D.  Maxwell,  A  Capacitance  Electron  Density  Probe,  June 
1971,  ECOM-5390. 

Duncan,  L.  D.,  Redundant  Measurements  in  Atmospheric  Variability  Experiments. 
June  1971,  ECOM-5391. 

Engebos,  B.  F.,  Comparisons  of  Coordinate  Systems  and  Transformations  for  Tra¬ 
jectory*  Simulations,  July  1971,  ECOM-5397. 

Hudlow,  M.  D.,  Weather  Radar  Investigations  on  an  Artillery  Test  Conducted  in  the 
Panama  Canal  Zone,  July  1971,  ECOM-5411. 

White,  K.  O.,  E.  II.  lh.lt.  S.  A.  Schleusener,  and  R.  F.  Calfcc.  Erbium  Laser  Propa¬ 
gation  in  Simulated  Atmospheres  II.  High  Resolution  Measurement 
Method,  August  1971,  ECGM-539S. 

Waite.  R..  Field  Comparison  Between  Sling  Pouehroroeter  nnH  Meteorolneical  Meas¬ 
uring  Set  AN/TMQ-22,  August  1971,  ECOM-5399. 

Duncan,  L.  D.,  Time  Series  Editing  By  Generalized  Differences,  August  1971,  ECOM- 
5400. 

Reynolds,  R.  D.,  Ozone:  A  Synopsis  of  its  Measurements  and  Use  as  an  Aemospher- 
ic  Tracer,  August  1971,  EOOM-5401. 

Av«r«  F.  p.,  and  Fl  T  Miers.  Noise  Characteristics  of  Selected  Wind  and  Tempera¬ 
ture  Data  from  30-63  km,  August  1971,  ECOM-5402. 

Avara,  E.  P.,  and  B.  T.  Miers,  Comparison  of  Linear  Trends  in  Time  Series  Data 
Using  Regression  Analysis,  August  1971,  ECOM-5403. 

Miller,  W.  B.,  Contributions  of  Mathematical  Structure  to  the  Error  Behavior  of 
Rawinsonde  Measurements,  August  1971,  FCOM-5404. 

Collett,  E.,  Mueller  Stokes  Matrix  Formulation  of  Fresnel  s  Eouations,  August  1971, 
ECOM-3480. 

Armendariz,  M.,  and  L.  J.  Rider,  Time  and  Space  Correlation  und  Coherence  in  the 
Surface  Boundary  Layer,  September  1971  KCOM-5407. 

Avara,  E.  P..  Some  Effects  of  Randomization  in  Hypothesis  Testing  with  Correlated 
Data,  October  1971,  ECOM-5408. 

Ratulliawa,  J.  S.,  Ozone  and  Temperature  Change  in  the  Winter  Stratosphere,  No¬ 
vember  1971,  ECOM-5414. 

Miller,  W.  B.,  On  Approximation  of  Mean  and  Variance-Co  ..riance  Matrices  of 
Transformations  of  Multivariate  Random  Variables,  November  1971, 
ECOM-5413. 

Horn,  J.  D.,  G.  S.  Campbell  A.  L.  Wallis  (Capt.,  USAF),  and  R.  G.  McIntyre, 
Wind  Tunnel  Simulation  and  Prototype  Studies  of  Barrier  Flow  Phe¬ 
nomena,  December  1971,  ECOM-5416. 

Dickson,  David  H.,  and  James  R.  Oden,  Fog  Dissipation  Techniques  for  Emergency 
Use,  January  1972,  KCOIvI-5420. 

Ballard,  H.  N.,  N.  J.  Beyers,  B.  T.  Miers,  M.  Izquierdo,  and  J.  Whitacre,  Atmospheric 
Tidal  Measurements  at  50  km  from  a  Constant-Altitude  Balloon,  De¬ 
cember  1971,  ECOM-5417. 

Miller,  Walter  B..  On  Calculation  of  Dynamic  Error  Parameters  for  the  Rawinsonde 
and  Related  Systems,  January  1972,  KuOM-5422. 


A-2- 


80.  Richter,  Thomas  J.,  Rawin  Radar  Targets,  February  1972,  ECOM-5424. 

81.  Pena,  Ricardo,  L.  J.  Rider,  and  Manuel  Armendariz,  Turbulence  Characteristics  at 

Heights  of  1.5,  4.0,  and  16.0  Meters  at  Wliite  Sands  missile  Range.  New 
Mexico,  January  1072,  ECOM-5421. 

82.  Blanco,  Abel  J.,  and  L.  E.  Traylor,  Statistical  Prediction  of  Impact  Displacement  due 

to  the  Wind  Effect  on  an  Unguided  Artillery  Rocket  During  Powered 
Flight,  March  1972,  ECOM-5427. 

83.  Williams,  B.  H.,  R,  0.  Olsen,  and  M.  D.  Kays,  Stratospheric-Ionospheric  Interaction 

During  the  Movement  of  a  Planetary  Wave  in  January  1967,  March 
1972,  K.rOM  -54PH 

84.  Schleusener,  Stuart  A.,  and  Kenneth  0  White,  Applications  of  Dual  Parameter  An¬ 

alyzers  in  Solid-State  Laser  Tests,  April  1972,  ECOM-5432. 

85.  Pries,  Thomas  H.,  Jack  Smith,  and  Marvin  Hamiter,  Some  Observations  of  Meteor¬ 

ological  Effects  on  Optical  Wave  Propagation,  April  1972,  E COM  5134. 

86.  Dickson,  D.  H.,  Fogwash  I  An  Experiment  Using  Helicopter  Downwash,  April  1972, 

ECOM-5431. 

87.  Mason,  J.  B.,  and  J.  D.  Lindberg,  Laser  Beam  Behavior  on  a  Long  High  Path,  April 

1972,  ECOM-5430. 

88.  Smith,  Jack,  Thomas  H.  Pries,  Kenneth  J.  Skipka,  end  Marvin  Hamiter,  Optical 

Filter  Function  for  a  Folded  Laser  Path,  April  1972,  ECOM-5433. 

89.  Lee,  Robert  P.,  Artillery  Sound  Ranging  Computer  Simulations,  May  1972,  ECOM- 

5441. 

90.  Lowenth&l,  Marvin  J.,  The  Accuracy  of  Ballistic  Density  Departure  Tables  1934-1972, 

April  1972,  ECOM-5436. 

91.  Cantor,  Israel.  Survey  of  Studies  of  Atmospheric  Transmission  from  n  4*-  Light  Sun roc 

to  a  2r  Receiver,  April  1972,  F.Coivl-MMO. 

52.  Barr,  William  C.,  Accuracy  Requirements  for  the  Measurement  of  Meteorological  Par¬ 
ameters  Which  Affect  Artillery  Fire,  April  1972,  ECOM-5437. 

93.  Duchon,  C.  E.,  F.  V.  Brock,  M.  Armendariz,  and  J.  D  Hom,  UVW  Anemometer  Dy¬ 

namic  Performance  Study,  May  1972,  ECOM-5440. 

94.  Gomez,  R.  B.,  Atmospheric  Effects  for  Ground  Target  Signature  Modeling  1.  At¬ 

mospheric  Transmission  at  1.06  Micrometers,  June  1972,  ECOM-5445. 

95.  Renner  R.  S  A  Technical  Manual  on  the  Characteristics  and  Operation  of  a  Cloud 

Condensation  Nuclei  Collrrtinn/n"te.?tien/R«>c«rding  Instrument,  June 
.1572,  isCGM-0447. 

96.  Horn,  J.  D.,  R.  D.  Reynolds,  and  T.  H.  Vendor  Haar,  Survey  of  Techniques  Used  in 

Display  of  Sequential  Images  Received  from  Geostationary  Satellites, 
June  1972,  ECOM-5450. 

97.  Bonner,  R.  S.,  and  H.  ivi.  White,  Microphvsica!  Observations  of  Fog  in  Redwood  Val¬ 

ley  near  Arcala-Eureka,  California,  July  1972,  KCOM-5455. 

98.  Waite,  R.  W.,  Reliability  Test  of  Electronics  Module  of  Meteorological  Measuring 

Set  AN  TMQ-22(XE-4),  June  1972,  ECOM-5448. 

99.  Doswell,  A.,  lit,  An  Iterative  Method  for  Saturation  Adjustment,  June  1972, 

ECO  M -5444. 

109.  Do--. .ell,  ('.  A.,  Ill,  A  Two-Dimensional  Short-Range  Fog  Forecast  Model.  Mav 

1972.  ECOM-5443. 

101.  Seagraves,  Mary  Ann  B.,  A  General-Purpose  Meteorological  Rocket  Data  Reduction 

Program,  August  1972,  ECOM-54(i.‘>. 

102.  Loveland.  Ixiveland,  R.  B.,  J.  L.  Johnson,  and  B.  1).  Hinds,  Differential  Magnetic 

Measurements  Near  Cumulus  Clouds,  August  K(.'OM-f)46:i. 

103.  Cantor,  Israel,  and  Michael  Hudlow,  Rainfall  Effects  on  Satellite  Communications 

in  the  K,  X,  and  C  Bands,  July  1972,  ECOM-5459. 

104.  Randhawa,  J.  S.,  Variations  in  Stratospheric  Circulation  and  Ozone  During  Selected 

Periods,  August  1972,  ECOM-5460. 

105.  Rider,  L.  J.,  Armendariz,  Manuel.  Mean  Horizontal  Wind  Speed  and  Direction  Vari¬ 

ability  at  Heights  of  1.5  and  4.0  Meters  Above  Ground  Level  at  WSMR, 
New  Mexico.  October  1972.  KOOM-54fifi 

-3L 


